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 The present study described changes in body composition and cardiometabolic health 
during one academic year in male and female college students of each academic class (n=143). 
Students completed body composition and cardiometabolic health analyses during a single visit 
on three separate occasions: early Fall semester (August-October) 2017, late spring semester 
(March-May) 2018, and early Fall semester (August-October) 2018. There was a main effect for 
time for body mass (p=0.035), BMI (p=0.025), lean mass (p=0.007), and fasting glucose 
(p=0.046). Females saw significant gains in body mass (p=0.015), BMI (p=0.015), and lean mass 
(p=0.002). Lean mass of seniors significantly increased (p=0.010) from Fall 2017 to Spring 
2018, but no other differences between classes were found with respect to body composition and 
cardiometabolic health. The results of this study suggest minimal changes in body composition 
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CHAPTER I: INTRODUCTION 
 
According to the World Health Organization more than 1.9 billion adults are overweight, 
with 650 million of these individuals considered obese1. Across the United States, it is the young 
adult age group (18 to 29 years) that has experienced the greatest increases in overweight and 
obesity3. Paralleled with this increase in overweight and obesity, full-time college enrollment 
increased 15% between 2005 and 20154. The college years may be a critical time period during 
which lifestyle and health behaviors are established. The college setting introduces many 
obesogenic factors including unlimited access to dining halls, long hours spent studying, initial 
exposure to alcohol, and high stress, to name a few. The phenomenon of weight gain in the first 
year of college, commonly referred to as the “freshman 15,” has been investigated and ultimately 
dismissed in research, with an average weight gain of 3.85 lbs occurring during the first year of 
college2. This nontrivial weight gain is generally attributed to significant increases in body fat 
percentage (%BF), fat mass (FM) and waist circumference during the freshman year5,6. Less is 
known about these changes in body composition among other classes, with some initial evidence 
suggesting a similar trajectory, although conflicting evidence exists5,7-8. Data from 2012 reported 
70% of students gain weight over the course of the first three years of college, and a 1.4 ± 1.2 
kg/m2 increase in body mass index (BMI), a 3.5 ± 3 kg increase in FM, and a 4.0 ± 3.1% 
increase in %BF were seen in these weight-gainers5. On the other hand, Hull et al. (2007) 
observed significant decreases in %BF, FM, and a significant increase in fat-free mass (FFM) 




Beyond weight gain, the concept of normal weight obesity (NWO) has gained attention 
as a condition that raises risk of cardiometabolic dysfunction. Obesity is most commonly 
measured by assessing BMI. While BMI is a convenient relative index of body mass, it fails to 
indicate body composition measures such as fat free mass (FFM), FM, and %BF. An individual 
is considered NWO with a calculated BMI within the normal range (18.5-24.9 kg/m2), while also 
carrying an unhealthy amount of body fat (generally >20-25% in men and 30-37% in women)9-
10.  NWO individuals are at higher risk for certain diseases when compared to leaner individuals 
with normal BMI values10. An estimated 30 million adults are considered NWO in the United 
States10.  
Prevalence of NWO has primarily been studied in middle-aged and older adults (35-75 
yrs) and has even been identified in adolescents102. However, NWO has only once been 
exclusively studied in a college-aged population29. Certain lifestyle factors during this phase in 
life may be considered attributable to the development of NWO, making young adulthood a 
potentially critical time to improve health and lifestyle behaviors. Furthermore, college students 
are exposed to many new environments and create new habits, making this an ideal time to 
promote healthy lifestyle changes13. According to the 2017 National Collegiate Health 
Assessment (NCHA) survey, 33.6% of undergraduate students are considered overweight or 
obese according to self-reported BMI values14. However, the remaining 66.3% of individuals 
should not all be assumed healthy, and some may even have similar health risk compared to their 
overweight peers due to the hidden prevalence of NWO21. The NCHA survey also found 50.1% 
of college students do not meet the recommended minimum amounts physical activity, with 




high risk time periods during college will allow for better understanding of contributors to 
weight gain and for development of effective prevention efforts.  
Change in body weight is always a primary outcome in most “freshman 15” and other 
college weight gain studies. However, by focusing solely on body weight, many studies are 
unable to determine changes in lean mass (LM) or FM, which are both closely associated with 
health and functionality20. Measuring body composition changes, not simply body mass, will 
provide descriptive and meaningful data to fully evaluate how health may change throughout 




1. The primary purpose of this study was to quantify changes in body composition that 
occur over one college year (Fall 2017- Spring 2018) in normal-weight college students. 
a. To identify class-specific changes (i.e. freshman, sophomore, junior, or senior) in 
body composition including FM, LM and %BF, in addition to weight and BMI.  
2. The secondary purpose of this study was to examine changes in cardiometabolic health 
that occur over one calendar year (Fall 2017- Fall 2018) in normal-weight college 
students.  
a. Fasting blood glucose (GLU), total cholesterol (TC), high-density lipoprotein 
(HDL), and non-high-density lipoprotein (nHDL).  
3. The tertiary purpose of this study was to evaluate the relationship between specific 
lifestyle habits and body composition and cardiometabolic health in normal-weight 




a. Determine the relationship between body composition outcomes (LM, FM, %BF 
VAT) with moderate physical activity, vigorous physical activity, and sedentary 
behavior. 
b. Determine the relationship between cardiometabolic health outcomes (TC, HDL, 
nHDL, GLU) with moderate physical activity, vigorous physical activity, and 
sedentary behavior. 
c. Determine whether FM, LM, %BF or VAT had a relationship with a variety of 
predictor independent variables. 
i. Minutes of vigorous and moderate physical activity 
ii. Minutes of sedentary behavior 
iii. Perceived stress scale (PSS) score 
iv. Pittsburgh sleep quality index (PSQI) component score 
v. Depression, anxiety, and stress scale (DASS-21) - anxiety score 
vi. Depression, anxiety, and stress scale (DASS-21) - stress score 
vii. Reduced morningness-eveningness questionnaire (rMEQ) score 
viii. Alcohol use disorders identification test (AUDIT) score  
4. The quaternary purpose of this study was to characterize sex-specific changes in body 
composition and cardiometabolic profile observed over one college year.  




1. Do class-specific differences exist in the observed changes in body composition over 




2. Do cardiometabolic health differences exist in the observed changes in body 
composition over one calendar year? 
3. What lifestyle factors are associated with changes in body composition and 
cardiometabolic health? 
4. Do males and females see similar changes in body composition and cardiometabolic 




1. Freshmen will gain more weight and FM than any other class over the course of one 
year.  
2. Total daily sedentary behavior, evening-type sleep chronotype, and stress will be 
positively associated with weight gain.  
3. Males will gain more weight, FM, LM, and %BF than females.  
4. Cardiometabolic health will significantly change in only the freshman class over the 
course of one calendar year. 
Limitations: 
 
1. Subjects were all be enrolled at the same southeastern university, making the sample 
not completely random.  
2. There is a possibility of subjects dropping out of school, graduating, studying abroad, 
transferring schools, or moving away from the area, making secondary data difficult 
to obtain. 
3. Although exercise was assessed through the use of the IPAQ, type of exercise was not 




4. Many students were recruited from the Exercise and Sports Science Department at 
UNC. We believe many of these students are more health-conscious than the general 




1. The study consisted of one visit per semester. 
2. Participants were excluded if they had gained or lost ≥ 10 lbs in the last three months. 
3. Premenopausal women and healthy men between the ages of 18-25 yrs will be chosen 
to participate. 
4. BMI of subjects will be between 18.5-24.9 kg/m2. 
5. Body composition will be estimated dual energy x-ray absorptiometry. 
6. Glucose, high-density lipoprotein, and non-high-density lipoprotein will be measured 




This study was the first longitudinal study observing body composition and 
cardiometabolic changes that included students representing all four college classes. With data 
from all four classes, it was possible to observe class-specific differences in lifestyle factors and 
how they relate to changes in body composition and cardiometabolic health, potentially 
identifying specific years during college in which body composition and cardiometabolic health 








Obesity has reached epidemic proportions according to the World Health Organization, 
with over 650 million individuals considered obese in a 2016 survey1. Recently, young adults 
(18-29 years) have experienced the greatest rise in overweight and obesity, and many of this 
group are enrolled in college3. The college experience is typically accompanied by academic 
pressure, social stress, and it is usually the first occasion in which individuals live away from 
home. It has been claimed that, on average, college students gain 15 pounds during the first year 
of school, which is commonly referred to as the “freshman 15.” No study has observed a mean 
15 lbs weight gain in a college population, although individual cases do likely exist2,6. A recent 
meta-analysis which reviewed 32 research trials reported anywhere from a weight loss of 1.50 
lbs up to a weight gain of 6.8 lbs. The average weight gain during the first year of college across 
all 32 studies was 3.85 lbs, far from the claimed 15 lbs that is generally perceived by the 
American public to be a realistic expectancy2. Literature surrounding college weight gain is 
mostly aimed at freshmen; very little data exists describing weight gain in college sophomores, 
juniors, and seniors. Not only does existing research lack diversity in the subset of the college 
population it focuses on, it lacks depth in what it measures. Most studies currently published 
have utilized a rudimentary primary measure of body mass to gauge a college student’s health 




composition measures, specifically LM, FM, and %BF. Cardiometabolic and functional 
health outcomes can be better assessed by including a measure of body composition in a college 
weight gain study, specifically a multi-compartment criterion model. This review aims to 
evaluate and discuss literature surrounding cardiometabolic health and body composition as it 




There are many reasons to collect body composition estimates in the college student 
population, such as establishing total body and regional distributions of fat and lean mass, 
determining skeletal integrity, developing a reference base for energy expenditure, and defining 
relative hydration53. Estimating body composition can be done using multiple methods which 
divide the body into different compartments comprised of unique tissues. The simplest 
compartment model features two compartments (2C) in which the body is subdivided into FM 
and FFM. Two commonly used methods to estimate body composition using the 2C model are 
hydrodensitometry and air displacement plethysmography. The 2C model is the primary method 
in which the majority of our knowledge of body composition is based upon. While the 2C model 
is widely used, validity and reliability are lacking.  An accepted gold standard involves a multi-
compartment model, referred to as the four-compartment model (4C), which determines four 
separate compartments of the body, including FM, LM, total body water (TBW), and total body 
bone mineral content (Mo).  
Baumgartner et al.19 have suggested the 4C model be considered the “gold standard” 
measure of body composition in adults due to the multicompartment nature and its ability to 




and bone) density of 1.100 g/cm3 and hydration status of 73.2%, which was the common 
assumption made prior to the development of the 4C model36. The classical 2C model is limited 
by assumptions regarding the consistency of FFM, namely water and mineral content54. The 3C 
model, which is able to estimate FM, fat-free dry mass (FFDM), and water content, can 
overcome the boundaries surrounding FFM hydration, but this model has limitations of its own. 
The 3C model is not able to distinguish between protein and mineral content of FFDM, so the 
existence of a common ratio between individuals must be assumed36. The 4C model is free of 
these assumptions due to its ability to distinguish between fat, protein, water and mineral 
content.  
Beyond basic body composition parameters of FM, LM, %BF, regional distributions of 
body fat, such as subcutaneous adipose tissue (SAT) and visceral adipose tissue (VAT), may be 
more advantageous for detecting chronic disease risk. VAT is commonly considered to have the 
most pernicious effects on the body’s cardiovascular system, endocrine system, and 
metabolism24. Pouliot et al.23 observed a positive correlation between VAT area and glucose 
intolerance23. Further evidence has correlated glucose intolerance with VAT area independent of 
total adiposity and SAT23,25. VAT has been associated with decreased insulin sensitivity 
measured using a euglycemic hyperinsulinemic glucose clamp in young, healthy males26-27. In 
addition to altering glucose-insulin homeostasis, increased intra-abdominal fat has been 
associated with abnormal circulating levels of plasma lipoprotein and lipid levels, specifically 
suppressed high-density lipoprotein (HDL) and increased plasma triglycerides28-29. SAT, 
although attributed to less cardiometabolic risk than VAT, has been associated with insulin 




 A component of body composition that is commonly overlooked as an indicator of 
metabolic health, especially in context of weight status in which reduction of FM is heavily 
emphasized, is LM. LM represents the collective mass of an individual’s skeletal muscle (SM), 
tendons, ligaments, and internal organs, with the latter three components having generally fixed 
masses. Muscle weakness and insufficient amounts of LM have been consistently linked to 
increased rates of mortality amongst older adults31.  Reduced LM and strength have been shown 
to directly impact functionality, quality of life, and the ability to perform activities of daily 
living20,31-32. SM serves as a site at which insulin binds in order to augment glucose disposal 
from the bloodstream into the SM tissue where it will either enter glycolysis and be utilized as 
fuel, or be stored as glycogen for later use. Rate and efficiency of glucose metabolism and 
glycogen synthesis could be compromised by the absence of ample amount or quality of SM. It 
has been hypothesized that insulin resistance in SM may promote atherogenic dyslipidemia by 
inhibiting glycogen storage and promoting hepatic de novo lipogenesis, resulting in an increase 
in plasma triglyceride concentration and a reduction in plasma HDL concentration33. Loss of, or 
low amounts of LM reduces the total number of insulin binding sites, potentially exacerbating 
metabolic disorders such as type 2 diabetes mellitus, insulin resistance, and metabolic 
syndrome32. Resting metabolic rate (RMR) is also heavily dependent on an individual’s LM, 
with more LM leading to higher RMR, on average, as a result of continual protein synthesis and 
breakdown within SM tissue. Developing and maintaining adequate amounts of SM through 
young adulthood and preserving this tissue with age can improve one’s quality of life, 






College Weight Gain 
 
Weight gain during the college years has been considered a normal occurrence in the 
view of the public and is supported by the majority of scientific literature. The college years are a 
critical and vulnerable period for body weight changes and adoption of unhealthy lifestyle 
behaviors16,21. College students experience high stress brought about by academic pressure, 
social factors, and newfound independence. The “freshman fifteen” describes the alleged fifteen-
pound weight gain that occurs during the first year of college. However, every study tracking 
weight change in college freshmen reports findings far less than fifteen pounds on average. A 
2009 meta-analysis conducted by Vella-Zarb et al. (2009) examined 24 studies and found the 
average amount of weight gained during the first year of college was 3.86 lbs21. A second meta-
analysis was conducted by Vabeboncoeur et al. (2015) that came to similar conclusions, 
reporting an average of 2.99 pounds gained over the course of the freshman year2.  
Change in body weight over the course of the freshman year is not consistent within the 
literature, which can be seen in the prior-mentioned meta analyses2,21. Of the 22 studies analyzed 
by Vabeboncoeur et al. (2015), mean weight gain ranged from -1.5 to 6.8 lbs. A substantial 
discrepancy exists between average weight gain in weight-gainers and the entire sample, with the 
sample gaining 2.99 lbs. on average and high-gainers gaining 7.5 lbs. It should be mentioned the 
average study length of the included studies ranged from 1.38-8 months, which could explain 
some of the variance observed.  
Weight gain occurring in college is not limited to the freshman year7,34. The literature, 
although lacking, suggests weight gain may continue through the entirety of the undergraduate 
academic career. Racette et al. (2008) reported an average weight gain of 3.75 lbs and 9.26 lbs 




respectively7. Prevalence of overweight and obesity was 15% when measured freshman year and 
increased to 23% by the end of senior year7. Pope et al. (2016) also tracked college students 
across all four years of their undergraduate careers and observed an average weight gain of 9.64 
lbs. Initially, 23% of freshmen were classified as overweight or obese based on BMI, and this 
increased to 41% by the end of senior year34. To date, no data exists over the four-year duration 
of college reporting the composition of weight gain, such as FM and LM, and to our knowledge 
only five studies have evaluated change in weight beyond the freshman class.     
 Not all literature surrounding college weight gain neglects to measure body composition. 
Few studies have looked further than BMI, using DEXA and BIS to estimate body composition. 
Morrow et al. (2006) used DEXA to estimate body composition of freshman women at the 
beginning and end of the academic year. They observed a significant increase in body mass 
(BM), FM, FFM, and %BF. However, the women in this study gained 2.4 lbs. over the course of 
the year, which, although statistically significant, is far less weight gain compared to previous 
research7,35. FM accumulated comprised of 1.75 lbs, or 73% of mean weight gain observed6. Hull 
et al. (2007) characterized body composition changes occurring across the sophomore year of 
college using DEXA8. The results of this study contradict the general trend of most college 
weight gain studies; although body weight did not significantly change (60.4 kg vs. 60.6 kg), 
females during their sophomore year significantly lost weight (-0.2 kg) decreased %BF (-1.0%) 
and decreased FM (-0.6 kg). Interestingly, these favorable changes were repeated when subjects 
were analyzed according to living situation (on-campus vs. off campus), with the off-campus 
students significantly decreasing FM (-1.2 kg) and %BF (-2.0%) while increasing LM (1.1 kg)8. 
On-campus students did not change significantly in terms of body weight nor body composition. 




beginning of freshman year and the end of junior year. This same group concluded the majority 
of weight gain (2.1 ± 4.8 kg) observed in their three-year study was comprised of FM (2.1 ± 
4.8kg body mass gain vs. 2.3 ± 3.5 kg FM gain). Interestingly, males in this study gained 
significantly more weight, %BF, and FM than females (3.6 ± 4.8 vs. 1.3 ± 4.5 kg; 3.7 ± 2.9 vs. 
2.2 ± 3.3%; 3.3 ± 3.0 vs. 1.9 ± 3.5 kg FM, respectively)5.  
The majority of studies surrounding college weight gain only compare weight changes 
over the course of one academic year, failing to take tissue-specific or regional distribution 
changes into account2,21. Future research in this area should utilize criterion methods for body 
composition measurement, in order to track changes in LM, FM, VAT, and regional distribution 
of body composition across each academic year. The stages of the collegiate career in which 
weight gain is more commonly observed would help illuminate time points at which health 
behavior interventions could be stressed.  
 
Normal Weight Obesity 
 
Normal weight obesity (NWO) describes individuals with normal body weight and BMI 
(18.5-24.9 kg/m2) with increased %BF, a value which lacks definitive universal criteria in the 
literature surrounding NWO. Proposed %BF cutoff points, values which individuals who exceed 
are deemed NWO, range between 20-25% for men and 30-37% for women across the current 
literature9.  Based on the 2005 United States consensus, Romero et al. (2008) estimated 30 
million Americans are considered NWO10. Multiple studies exist which attempt to estimate the 
prevalence of NWO in specific populations. Pertaining to young adults, Olafsdottir et al. (2016) 
studied a population of eighteen-year-old high school students (n=182) in the capital area of 




and used DEXA to estimate body composition. NWO prevalence was 42% in this population 
(n=76), 61% of which were male. This study is one of very few investigating NWO in young 
adults. Marques-Vidal et al. (2008) aimed to assess the prevalence of NWO in Switzerland using 
different %BF cutoff points11. %BF was estimated in 3213 women and 2912 men aged 35-75 
using bioelectrical impedance analysis. Thereafter, subjects were deemed NWO or NWL based 
off four different %BF cutoff points. Cutoff points ranged from 26-32.6% in men and 30-44.4% 
in women. In men, prevalence of NWO was <1% irrespective of the definition used. Conversely, 
prevalence of NWO ranged from 1.4 to 27.8% in women. These results suggest age and gender-
specific %BF cutoff points should be used when assessing NWO status.  
Not dissimilar to obesity, individuals with NWO tend to develop characteristic health 
conditions such as insulin resistance, proinflammatory status, oxidative stress, and dyslipidemia, 
all which may lead to increased risk of CVD, metabolic syndrome, or another form of 
cardiovascular-related death12.  Romero-Corral et al. (2008) reported that individuals >20 years 
old with NWO had lower concentrations of HDL, higher concentrations of LDL and triglycerides 
and altered ratios of apolipoprotein B to apolipoprotein A1 when compared to NWL individuals. 
On the other hand, De Lorenzo et al. (2006) found no differences in lipid profiles between NWO 
and NWL Italian women between the ages of 20-35 89. Kim et al. (2013) found NWO Korean 
individuals with an average age of 53.4 years old had a higher risk of developing one or more 
cardiovascular risk factor (dyslipidemia, hypertension and/or hypoglycemia) than individuals of 
normal %BF88. Romero et al. (2008) concluded NWO is associated with increased 
cardiometabolic dysfunction, metabolic syndrome, and cardiovascular risk factors after 
analyzing 6171 subjects >20 years old from the Third National Health and Nutrition 




found NWO to be positively associated with having one or more risk factors for metabolic 
syndrome when adjusted for sex in adolescent Northern Europeans. In addition, cardiorespiratory 
fitness was assessed in this study. Aerobic fitness was 5.1% lower in the NWO group compared 
to the normal weight lean (NWL) group.  These findings strongly support the need to promote a 
healthy lifestyle with respect to diet and physical activity in young adulthood, regardless of BMI, 




Approaches to combat the obesity epidemic regularly involve lifestyle alterations to both 
diet and exercise habits. Weight gain is linked to increased energy consumption42 and decreased 
energy expenditure43. The college years, most notably the freshman year, have been identified as 
a period of high risk for weight gain due to the long-term development of health and lifestyle 
behaviors37. One in four people between the ages of 18 and 24 years in the United States is a 
current full-time or part-time undergraduate student44-45, and 50% of all persons between the ages 
of 20 and 24 years has attended college46. Many studies have demonstrated first-year college 
students in the U.S. gain more weight on average than aged-matched individuals who do not 
attend college38. A 2005 survey indicates 3 of every 10 college students is either overweight or 
obese, and nearly 6 of every 10 participate in fewer than 3 days per week of vigorous intensity or 
moderate intensity physical activity87. Certain psychosocial and behavioral factors contribute to 
the innate tendency for college students to change preexisting exercise and dietary habits often 
leading to acute weight gain and an increased risk to adopt long-lasting poor health behaviors38-







Physical inactivity among college students is a driving force of weight gain observed in 
college students. According to a meta-analysis conducted by Keating et al. (2010), 40-50% of 
college students are physically inactive. Along with this, only 50% of students meet the 
American College of Sports Medicine’s minimum physical activity recommendations47. 
Sedentary behavior is highly prevalent in this population and has been positively correlated to 
weight gain48-49. A meta-analysis identified low levels of physical activity among college 
students as a predictor of weight gain when 17 studies were compiled21. Intensity of exercise is 
seldom reported in the existing literature, but exercise type has been characterized in a college 
student population21. Racette et al. (2005) report 59% of college freshmen participated in aerobic 
exercise, 45% in strengthening exercise, 31% in stretching exercise, and 29% of students did not 
participate in exercise regularly in a 2008 study. The only observed significant change that 
occurred from freshman year to senior year was a significant increase in stretching exercise 
(p=0.013) which directly would not affect body composition7. Most investigators report more 
physical inactivity in college-aged women than in college-aged men, with 10-37% of men and 
22-48% of women reporting no physical activity in the past month96. Butler et al. (2004) 
observed decreased physical activity across all forms measured, including leisure, sport, 
occupational, and total activity98. Another study revealed the percentage of students participating 
in moderate- and high-intensity strength training decreased from 62.5% to 45.9% in men but 
increased from 37.8% to 42.1% in women over the course of freshman year97. Overall, college 
students fail to meet exercise guidelines, despite having free access to recreational facilities and 







Regular and excessive alcohol consumption is considered a cultural norm in the college 
environment, which may contribute to increased alcohol-related activity on college campuses40. 
De Vos et al. (2015) surveyed 1095 freshman students and determined 30.7% of the sample 
increased alcohol consumption over the course of their first semester (Sept. to Dec.)18. This 
increase in alcohol consumption was found to be a significant determinant of weight gain in 
Dutch freshmen who gained weight across one semester. A study conducted by Bergen-Cico et 
al. attributed alcohol abuse to 79% of emergency care visits amongst first-year college 
students40. Alcohol itself is very calorically dense, providing 7 calories per gram consumed. 
Additionally, alcohol consumption may induce alcohol-related eating, which was associated with 




Most colleges offer “all-you -can-eat” style meal plans to students who are, in most cases, 
recently removed from parental supervision and are nutritionally autonomous for the first 
time35,41. This new-found independence may increase one’s susceptibility to making poor food 
choices or overconsumption of food in individuals with minimal experience making independent 
food decisions. College students do not meet recommended intake of whole grains, vegetables 
and calcium and consume excessive sugar-sweetened beverages60. Researchers found that 
students consume excess amounts of total fat, saturated fat, cholesterol and sodium87. According 
to students, their poor dietary decisions are made due to minimal healthy foods available on 




describe the college environment as “obesogenic,” leaving college students in a disadvantaged 




Although poor diet and exercise habits act as main drivers toward obesity, other factors 
are known to play smaller, yet significant roles in weight gain. Psychosocial stress has been 
associated with high blood pressure, cardiovascular disease, cancer, and recent evidence suggests 
stress can lead to long-term weight gain77-78. Stress is thought to lead to weight gain through 
neuroendocrine and inflammatory pathways which directly influence adiposity. Stress is also 
thought to lead to obesity by affecting health behaviors such as diet and exercise. College has 
proven to be a stressful time for many students. Past studies reported 75% to 80% of college 
students are moderately stressed and 10% to 12% are severely stressed79-80. Clinically, it is 
estimated that 11.9% of college students have a diagnosed anxiety disorder, and 7-9% of college 
students are diagnosed with depression90. Stress may lead to weight gain by reducing time 
available to prepare food and increase desire for high-fat energy-dense meals78. Additionally, 
stress has been shown to decrease participation in leisure-time physical activity78. 
Epidemiological evidence has weakly linked stress with weight gain78. One key conclusion of 
this 2011 meta-analysis was the need to identify moderating variables of the relationship 
between stress and adiposity. Prior research has suggested differences in sex, initial BMI, and 
cortisol reactivity may each cause some people to gain more weight during extended stressful 








Several studies show a relationship between overweight and obesity with sleep, 
specifically with shorter sleep duration, poor sleep quality, and variability in day-to-day sleep 
times67-69. Insufficient sleep has been associated with obesity and adverse changes in metabolic 
health, as well as poor impulse control, risk-taking behaviors and other psychological and 
cognitive defects which could contribute to weight gain70-74. Poor sleep duration has also been 
identified as a risk factor for coronary heart disease, cerebrovascular disease, hypertension on the 
basis of epidemiological data94. Interestingly, risk of the mentioned conditions follows a U-
shaped curve, with sleep deficit and excess sleep both being associated with increased risk for 
cardiovascular disorders94. Similarly, both short and long duration of sleep have been associated 
with increased risk of all-cause mortality. Short sleep has been defined by numerous maximum 
sleep hour values (≤ 5 hours per night, ≤ 6 hours, ≤7 hours) in previous studies, and long sleep 
has been defined as ≥8 hours, ≥9 hours, ≥10 hours, ≥12 hours95. Sleep restriction is proposed to 
induce weight gain via endocrine dysfunction, specifically via modulation of leptin and ghrelin75-
76. Some studies report a later bedtime could be associated with obesity due to more time 
available to consume food and less access to healthy foods. Interestingly, it has been suggested 
that males are more susceptible to weight gain due to poor sleep patterns65. Roane et al. (2015) 
investigated the association between sleep duration and variability with weight gain in college 
freshmen and found students who gained weight in the study experienced significantly greater 
variability in sleep duration compared to students who lost weight65. Culnan et al. (2013) 
evaluated the relationship between weight gain and sleep chronotype using the reduced Horne-
Östeberg Morningness Eveningness questionnaire (rMEQ)66. The rMEQ defines the times of day 




evening-type, or neutral. Morning-types prefer to wake earlier and fall asleep earlier in the 
evening relative to evening-types. Culnan and colleagues concluded being considered an evening 
type according to the rMEQ was associated with a 0.50 increase in BMI, or a 2.35 lb. weight 
gain in college students over the course of the eight-week study66.  
 
Questionnaires and Surveys  
 
 In order to adequately assess the factors contributing to weight gain observed in college 
students, valid and reliable questionnaires that exist in the literature surrounding these topics will 
be administered. Questionnaires are practical and economical means to measure outcomes. As 
mentioned, physical inactivity has been shown to be a major contributor to weight gain, which 
warrants the use of a physical activity questionnaire in this study. One of the most commonly 
applied physical activity questionnaires is the International Physical Activity Questionnaire 
(IPAQ), developed in 1996 as an instrument to be used in diverse countries and populations50, 
with the reliability and validity having been tested in more than 12 countries50-59. Most 
importantly, the IPAQ has been deemed reliable and valid in college-aged populations58,60. In 
addition to the IPAQ’s assessment of inactivity, the Sedentary Behavior Questionnaire (SBQ) 
will be used to evaluate individuals’ time spent in a sedentary state during nine specific 
sedentary behaviors. The IPAQ and SBQ correlate well, with intraclass correlation coefficients 
acceptable for all items assessed (range=0.51-0.93)64. Diet is another crucial area of lifestyle to 
be considered. A 3-day diet log has been used in research to evaluate an individual’s dietary 
intake. Yang et al. (2010) concluded that a 3-day food record to be an acceptable dietary 
assessment tool61. Stress can have an impact on overall health and weight via stimulation of the 




widely used instrument to evaluate the perception of stress63. Use of the PSS will allow for 
parallels to be made between students’ perceived stress levels and changes in body composition 
and cardiometabolic health. Additionally, the Depression, Anxiety, and Stress Scale-21 items 
(DASS-21) will be administered. DASS-21 is a set of three self-report scales designed to 
examine the emotional states of depression, anxiety and stress within individuals. Sleep quality 
and duration will be assessed using the Pittsburgh Sleep Quality Index (PSQI), and individuals’ 
diurnal preferences, sleep-wake pattern for activity, and alertness in the morning and evening 
will be assessed using the Reduced Horne-Östeberg Morningness Eveningness questionnaire 
(rMEQ). The College Alcohol Problems Scale (CAPS-r) and the Alcohol Use Disorders 
Identification Test (AUDIT) will be used to evaluate subjects’ alcohol consumption and related 
behaviors. Subjects will also be asked about substance use (i.e. caffeine, recreational drugs). In 




 Young adults have experienced the greatest overall rise in overweight and obesity in 
recent years when compared to all other age groups3. Since college students make up a large 
proportion of this group, body composition and cardiometabolic health should be evaluated and 
described in this population to elucidate dietary, physical activity, or any other health behaviors 
that could play a role in the commonly observed weight gain in this population, especially since 
many behaviors established during college are solidified through early adulthood and beyond37. 
Prior research has focused solely on weight gain in college freshmen across one year, neglecting 
to adequately investigate changes in body composition and cardiometabolic health in this 




studies in this area have utilized DEXA to assess body composition in addition to weight gain. A 
complete evaluation of body composition via DEXA, cardiometabolic health, and health 
behavior in college students representing all four classes could illuminate and potentially 
discourage behaviors leading to negative health consequences and instead promote behaviors 









Male and female subjects currently participating in an ongoing study characterizing 
normal weight obesity in college students (Study IRB#: 17-0952), which has identical methods 
and outcomes, were included in this study. Based off previous literature5,29 a sample size of 54 
subjects was calculated. Significant changes in %BF were detected between freshmen and 
juniors within each individual (18.3 ± 7.5% vs. 21.0 ± 7.4%) giving an effect size of 0.405, and 
significant changes were detected between freshmen and juniors within-individuals in FM (12.0 
± 8.1 kg) vs. 14.3 ± 9.1 kg) giving and effect size of 0.2975. These effect sizes were combined 
and averaged which gave a sample size of 54 subjects. Power was set a priori to 0.80, correlation 
among repeated measures to 0.6, and two-tailed analysis was employed. Sample size was 
calculated using G*Power version 3.1.  
In order to be included in this study, subjects were required to have a BMI between 18.5-
24.9 kg/m2. Subjects were required to be healthy and have no medical issues that would 
potentially influence the results of this study, including renal, hepatic, musculoskeletal, or 
cardiometabolic disorders. Subjects were excluded if they had gained or lost ten pounds three 
months prior to enrollment or had a self-diagnosed eating disorder. Subjects were instructed to 




Subjects were included in the study if they participated in ≤ 5 days of exercise per week 




Before each visit, subjects were asked to arrive to the lab following a fast ≥8 hours. 
Anthropometric measurements were assessed, including weight (kg), height (cm), and BMI. 
Subjects completed a comprehensive assessment of body composition using DEXA. Lastly, a 
blood sample was taken to evaluate measures of lipids and glucose, and questionnaires were 
completed to assess various lifestyle factors including alcohol consumption and related 
behaviors/emotional states, physical activity sleep duration and quality, and perceived stress. In a 
subsequent cross-sectional approach (Fall 2018), newly-enrolled subjects (n=43) were recruited 
to account for attrition and graduation from the previous year, as well as to further explore more 
detailed aspects of lifestyle habits. Questionnaires used to examine sedentary behavior, sleep 
quality and preferences, alcohol consumption, and mental health were included in addition to 




Dual-energy X-Ray absorptiometry (GE Lunar iDEXA, GE Medical Systems Ultrasound 
and Primary Care Diagnostics, Madison, WI, USA) was used to estimate LM, FM, %BF and 
VAT. All scans were performed by a trained DEXA technician. Before each scan, the trained 
technician entered the necessary subject information including height, weight, ethnicity, age, sex, 




objects from their pockets, the technician instructed the subject to lie supine on the DEXA 
scanner. Once on the DEXA table, the technician adjusted the subject’s head, hips, shoulders, 
and limbs to center the subject within the DEXA’s measurement area. The subject’s hands lay 
pronated on the DEXA table next to their legs. Once in the correct position, a Velcro strap was 
placed around their ankles to hold the correct position. The subject was instructed to limit 
movement and to not alter breathing during the scan. The scan lasted between 7-13 minutes 




A single blood sample was obtained during both Fall visits (Fall 2017 and Fall 2018) to 
assess cardiometabolic health. Blood samples were not collected in the spring of 2018. The blood 
sample was taken from the antecubital fossa, specifically from the median cubital, cephalic, or 
basilic vein. All samples were analyzed immediately post-draw using an Alere Cholestech 
LDX® Analyzer (Alere Inc., Waltham, MA, USA) to determine total cholesterol (TC), high-
density lipoprotein (HDL), non-high-density lipoprotein (nHDL), and glucose (GLU). 40 µL of 




During each visit, study participants completed multiple validated self-administered 
questionnaires regarding their lifestyle. The Shortened International Physical Activity 
Questionnaire (IPAQ) is a 7-item survey that was used to gather data on physical activity over 7 
days prior to the visit. The perceived stress scale (PSS) is a survey consisting of 14 items which 
was used to evaluate stress levels. Additionally, the Depression, Anxiety, and Stress Scale-21 




examine the emotional states of depression, anxiety and stress within individuals. The Pittsburgh 
Sleep Quality Index (PSQI) was given to provide an indication of subjects’ perceived sleep 
quality, sleep efficiency, and daily disturbances. The Morningness-Eveningness Questionnaire 
(rMEQ) was used to determine subjects’ diurnal preferences, sleep-wake pattern for activity, and 
alertness in the morning and evening. The revised College Alcohol Problems Scale (CAPS-r) and 
the Alcohol Use Disorders Identification Test (AUDIT) were both used to evaluate alcohol 
consumption and related behaviors. Sedentary behavior was assessed using the Sedentary 
Behavior Questionnaire (SBQ). Additionally, participants were asked about their living 




Analyses were performed using SPSS software (IBM Corp. Released 2016. IBM SPSS 
Statistics for Windows, Version 24.0. Armonk, NY: IBM Corp.). Repeated measures analysis of 
variance (ANOVA) [group (freshman vs. sophomore vs. junior vs. senior) × time (fall 2017 vs. 
spring 2018)] followed by Bonferroni post-hoc analysis were employed to examine changes in 
body composition and anthropometric outcome measures. Repeated measures analysis of 
variance (ANOVA) [group (freshman vs. sophomore vs. junior vs. senior) × time (fall 2017 vs. 
fall 2018)] followed by Bonferroni post-hoc analysis were employed to examine changes in 
cardiometabolic health. An additional sex (male vs. female) × group (freshman vs. sophomore 
vs. junior vs. senior) ANOVA was employed to assess sex-specific changes observed across 
class year. Pearson correlations were used to assess the direction and magnitude of relationships 
between nominal lifestyle factors and body composition changes observed across each academic 




relationships between nominal lifestyle factors and observed cardiometabolic changes. A 
multiple regression was used to examine the relationship between categorical lifestyle factors 
with body composition and cardiometabolic changes observed. An alpha-level of 0.05 was 
employed in all statistical analyses. All data are presented as mean ± standard deviation unless 











According to the World Health Organization more than 1.9 billion adults are overweight, 
with 650 million of these individuals considered obese1. Across the United States, it is the young 
adult age group (18 to 29 years) that has experienced the greatest increases in overweight and 
obesity3. Paralleled with this increase in overweight and obesity, full-time college enrollment 
increased 15% between 2005 and 20154. The college years may be a critical time period during 
which lifestyle and health behaviors are established. The college setting introduces many 
obesogenic factors including unlimited access to dining halls, extended periods of sedentarism, 
initial exposure to alcohol, and high amounts of stress. The common belief that college students 
gain 15 lbs during their first year of college, commonly referred to as the “Freshman 15,” has 
been investigated and ultimately dismissed in research, with an average weight gain of 3.85 lbs 
occurring during the first year of college2. This nontrivial weight gain is generally attributed to 
significant increases in body fat percentage (%BF), fat mass (FM) and waist circumference 
during the freshman year5,6. Less is known about these changes in body composition among 
other classes, with some initial evidence suggesting a similar trajectory, although conflicting 
evidence exists5,7-8. Data from 2012 reported 70% of students gain weight over the course of the 
first three years of college, and a 1.4 ± 1.2 kg/m2 increase in body mass index (BMI), a 3.5 ± 3 




Contradictory to these findings, Hull et al. (2007) observed significant decreases in %BF, FM, 
and a significant increase in fat-free mass (FFM) among female college sophomores.  
Change in body weight is typically a primary outcome in any “freshman 15” or other 
college weight-gain studies. However, by focusing solely on body weight, many studies are 
unable to determine changes in lean mass (LM) or FM, which are both closely associated with 
health and functionality20. Measuring body composition changes, not simply body mass, will 
provide descriptive and meaningful data to fully evaluate how health may change over the course 
of an academic year in the college setting. Specifically, utilizing DEXA to estimate body 
composition provides the ability to establish which tissues make up the body, including FM and 
LM, so weight gain or loss can be further defined. 
In addition to body composition, cardiometabolic health of this young adult population is 
not typically presented in college weight gain studies. More than one half of young adults (18-24 
years) have at least 1 coronary heart disease (CHD) risk factor106. However, due to the majority 
of these students’ healthy outward appearances, many do not regularly assess their risk for CHD. 
Students are at critical point in life to set diet and physical behavior standards for themselves, 
and it has been suggested that up to 80% of heart disease is preventable through diet and 
exercise106.  
The purpose of this study was to add to the existing “freshman 15” literature, but also to 
contribute to literature surrounding body composition changes (including body fat percentage, fat 
mass and lean mass) seen across one college year in male and female students of all classes. We 
hypothesized freshmen would see significantly greater increases in weight, FM, and %BF 
compared to the other three classes. We also predicted males would gain significantly more 




aimed to describe cardiometabolic health changes (including total cholesterol, high density 
lipoproteins (HDL), non-high density lipoproteins (nHDL), and fasting glucose) that occur 
across one college year in these students. To our knowledge, this has not been previously 
investigated across all undergraduate class years. Lastly, lifestyle and behavioral factors were 
investigated, and the relationship with body composition and cardiometabolic health. 
 
Participants and Methods 
 
Male and female subjects currently participating in an ongoing study characterizing 
normal weight obesity in college students (Study IRB#: 17-0952) were included in this study. 
Data collection took place at three separate time points: beginning of Fall semester (Aug-Oct. 
2017; n=143); end of spring semester (April-May 2018; n=59 returned); and beginning of Fall 
semester (Aug-Oct. 2018; n=85, including returners and new participants). A total of 143 
students (mean ± SD: Age: 20.3 ± 1.5 years; Height: 169.7 ± 9.8 cm; Weight: 63.7 ± 9.5 kg; 
BMI: 22.0 ± 1.7 kg/m2) (54 males and 89 females) (Table 1) were included in analyses across all 
three time points (Figure 1). Participant dropout occurred for reasons including graduation, busy 
schedules, general loss of interest, and lost to follow-up. Participants were restricted to those 
admitted as full-time students at the university and were 18-25 years old, a BMI between 18.5-
24.9 kg/m2, healthy and free from medical issues that would potentially influence the results of 
this study, including renal, hepatic, musculoskeletal, or cardiometabolic disorders. Subjects were 
excluded if they had gained or lost ten pounds during the three months prior to enrollment or had 
a self-diagnosed eating disorder. Subjects were included if they exercised ≤ 5 days per week and 
were not NCAA student-athletes. All subjects signed a written Informed Consent document 







During each of the three visits, subjects were asked to arrive to the lab following a fast 
lasting ≥8 hours. Anthropometric measurements were assessed, including weight (kg), height 
(cm), and BMI. Subjects completed a comprehensive assessment of body composition using dual 
energy x-ray absorptiometry (DEXA). Lastly, a blood sample was taken to evaluate measures of 
lipids and glucose, and questionnaires were completed to assess various lifestyle factors 
including alcohol consumption and related behaviors/emotional states, physical activity, sleep 
duration and quality, and perceived stress. In a subsequent cross-sectional approach (Fall 2018), 
newly-enrolled subjects were recruited to account for attrition and graduation from the previous 
year, as well as to further explore more detailed aspects of lifestyle habits. Figure 1 visually 
depicts the sequence of the three visits, including subject participation and dropout rates. 
Questionnaires used to examine sedentary behavior, sleep quality and preferences, alcohol 
consumption, and mental health were included in addition to variables previously measured in 
the Fall and Spring assessment periods. 
 
Anthropometric and Body Composition Analysis 
 
Weight was measured using a calibrated digital scale (Health o meter, Countryside, IL, 
USA) and height measured using a stadiometer (Perspective Enterprises, Portage, MI, USA). 
Subjects removed all heavy clothing and shoes before weight and height were measured. Body 
mass index was calculated using the standard formula, dividing weight by height squared 
(kg/m2).  
Body composition was measured using DEXA (GE Lunar iDEXA, GE Medical Systems 




trained DEXA technician. Before each scan, the trained technician entered the necessary subject 
information including height (in), weight (lbs), ethnicity, age, sex, and identification code. After 
ensuring the subject had removed all metal jewelry and any other objects from their pockets, the 
technician instructed the subject to lie supine on the DEXA scanner. Once on the DEXA table, 
the technician adjusted the subject’s head, hips, shoulders, and limbs to center the subject within 
the DEXA’s measurement area. The subject’s hands rested in a pronated position on the DEXA 
table beside their upper legs. Once in the correct position, a Velcro strap was placed around their 
ankles to hold the correct position. The subject was instructed to limit movement and to not alter 
breathing during the scan. The full-body scan lasted 7 minutes. The test-retest reliability for the 
DEXA for FM is as follows: intra-class correlation coefficient (ICC)= 0.98 and standard error of 
mean (SEM)= 0.85 kg. For LM, ICC= 0.99 and SEM= 1.97 kg. For %BF, ICC= 0.96 and SEM= 
1.279%108. Changes in body composition were measured between Fall 2017 and Spring 2018 




A single blood sample was obtained during both Fall visits (Fall 2017 and Fall 2018) to 
assess cardiometabolic health. Only students who participated during both Fall 2017 and Fall 
2018 visits were included in this analysis (males: n=4; females n=27) Blood samples were not 
collected in the spring of 2018. The blood sample was taken from the antecubital fossa, 
specifically from the median cubital, cephalic, or basilic vein. All samples were analyzed 
immediately post-draw using an Alere Cholestech LDX® Analyzer (Alere Inc., Waltham, MA, 
USA) to determine total cholesterol TC, HDL, nHDL, and GLU. 40 µL of blood were aliquoted 




cardiometabolic health were measured between Fall 2017 and Fall 2018, encompassing an entire 




During each visit, study participants completed multiple validated self-administered 
questionnaires regarding their lifestyle. The Shortened International Physical Activity 
Questionnaire (IPAQ) is a 7-item survey that was used to gather data on physical activity over 7 
days prior to the visit. The perceived stress scale (PSS) is a survey consisting of 14 items which 
was used to evaluate stress levels. Additionally, the Depression, Anxiety, and Stress Scale-21 
items (DASS-21) was administered. The DASS-21 is a set of three self-report scales designed to 
examine the emotional states of depression, anxiety and stress within individuals. The Pittsburgh 
Sleep Quality Index (PSQI) was given to provide an indication of subjects’ perceived sleep 
quality, sleep efficiency, and daily disturbances. The Morningness-Eveningness Questionnaire 
(rMEQ) was used to determine subjects’ diurnal preferences, sleep-wake pattern for activity, and 
alertness in the morning and evening. The revised College Alcohol Problems Scale (CAPS-r) and 
the Alcohol Use Disorders Identification Test (AUDIT) were both used to evaluate alcohol 
consumption and related behaviors. Additionally, participants were asked about their living 
arrangements, including if they lived on campus or off, and how many roommates they had. 




Analyses were performed using SPSS software (IBM Corp. Released 2016. IBM SPSS 




variance (ANOVA) [group (freshman vs. sophomore vs. junior vs. senior) × time (fall 2017 vs. 
spring 2018)] followed by Bonferroni post-hoc analysis were employed to examine changes in 
body composition, cardiometabolic, and anthropometric outcome measures. An additional sex 
(male vs. female) × group (freshman vs. sophomore vs. junior vs. senior) ANOVA was 
employed to assess sex-specific changes observed across class year. Pearson correlations were 
used to assess the direction and magnitude of relationships between nominal lifestyle factors and 
body composition changes observed across each academic year. Similar Pearson correlations 
were employed to assess the direction and magnitude of the relationships between nominal 
lifestyle factors and observed cardiometabolic changes. A multiple regression was used to 
examine the relationship between lifestyle factors and body composition and cardiometabolic 
changes observed. An alpha-level of 0.05 was employed in all statistical analyses. All data are 






For body mass, there was no significant interaction (p=0.621) and no main effect for 
group (p=0.614), there was a main effect for time (p=0.035) with a significant increase in body 
mass over time (FALL17: 61.3 ± 9.5 kg, SPRING18: 62.2 ± 9.3 kg) in the whole sample. BMI 
also demonstrated no significant interaction (p=0.532) and no main effect for group (p=0.856), 
but a significant main effect for time (p=0.025). BMI increased significantly from FALL17 (21.8 
± 1.7 kg) to SPRING18 (22.1 ± 2.1 kg) in the whole sample. Figure 2 displays the distribution in 
the observed changes in body weight over the course of the 2017 to 2018 academic year. One 







For FM there was no significant interaction (p=0.125), no main effect for time (p=0.291), 
and no main effect for group (p=0.839). For LM, there was no significant interaction (p=0.862) 
and no main effect for group (0.391). There was a significant main effect for time (p=0.007) with 
a significant increase in LM from FALL17 (42.7 ± 8.1 kg) to SPRING18 (43.4 ± 8.0 kg). Seniors 
gained a significant amount LM (0.8 ± 1.1 kg, p=0.010) from FALL17 to SPRING18. For %BF 
there was no significant interaction (p=0.097), no main effect for time (p=0.948), and no main 
effect for group (p=0.527). Table 2 includes differences in body composition and anthropometric 
changes observed in students of each class. The only significant change was seen in LM of 




No significant interaction (p=0.572) and no main effect for group (p=0.755) was 
observed for glucose. Glucose resulted in a significant main effect for time (p=0.046), decreasing 
from FALL17 (88.1 ± 6.7 mg/dL) to FALL18 (86.7 ± 7.4 mg/dL). Glucose significantly 
decreased between FALL17 to FALL18 in males (-7.5 ± 2.5mg/dL). For TC, no significant 
interaction (p=0.521), no main effect for time (p=0.437), and no main effect for group (p=0.132) 
was observed. HDL yielded no significant interaction (p=0.930), no significant main effect for 
time, nor was there a main effect for group (p=0.417). For nHDL, there was no significant 
interaction (p=0.595), no main effect for time (p=0.908), and no main effect for group (p=0.355). 
No significant differences were detected between any class and each of the cardiometabolic 





Males vs. Females 
 
For body mass, there was no significant interaction (p=0.983). There was a significant 
main effect for time (p=0.038) and main effect for group (p<0.001). Females weighed 
significantly less during FALL17 (58.3 ± 6.2 kg) compared to SPRING18 visit (59.2 ± 6.3 kg) 
(p=0.015). Males did not present a significant change in body mass (p=0.394) over this one-year 
period. Figures 3 and 4 display the distribution in the observed changes in body weight over the 
course of the 2017 to 2018 academic year in males and females, respectively. For BMI, there 
was a significant main effect for time (p=0.037), but no significant main effect for group 
(p=0.816) and no interaction (p=0.448). BMI significantly increased from FALL17 (21.7 ± 1.6 
kg/m2) to SPRING18 (22.0 ± 1.9 kg/m2) in females (p=0.015). No significant interaction was 
observed between sex and FM (p=0.983). A significant main effect for time (p=0.038) and main 
effect for group (p<0.001) were both observed; when decomposing the model, there were no 
significant changes in FM observed in males or females (p=0.567; p=0.627, respectively). 
Similar to FM, LM yielded no significant interaction (p=0.707), but there was a significant main 
effect for time (p=0.006) and main effect for group (p<0.001). LM of males did not significantly 
change over one academic year [FALL17: 53.7 ± 7.2 kg; SPRING18: 54.2 ± 7.6 kg (p=0.221)], 
but LM of females significantly increased from FALL17: 53.7 ± 7.2 kg to SPRING18: 54.2 ± 7.6 
kg (p=0.002). For %BF, there was no significant interaction (p=0.496) and no main effect for 
time (p=0.946). There was a significant main effect for group (p<0.001), with males reporting 
lower %BF than females. Table 3 compares all changes in body composition and 
anthropometrics observed in males vs. females.  
No significant interaction (p=0.325) was observed between sex and TC. Main effects for 




no significant interaction between HDL and sex (p=0.762), and no significant main effect for 
time (p=0.307). There was a significant main effect for group (p=0.035). For nHDL, there was 
no significant interaction (p=0.197), no main effect for time (p=0.197) and no main effect for 
group (p=0.517). Lastly, there was no significant interaction between fasting glucose and sex 
(p=0.126), and there was not a significant main effect for group (p=0.836). There was a 
significant main effect for time (p=0.019). A significant decrease in fasting glucose from 
FALL17 (91.3 ± 5.0 mg/dL) to FALL18 (83.8 ± 7.1 mg/dL) was observed in males (Table 4). No 
significant change in fasting glucose was observed in females (p=0.243). Table 3 compares all 




Total FM was significantly negatively correlated with total LM (r=-0.429, p<0.001) and 
total minutes of vigorous physical activity measured via IPAQ survey (r=-0.387, p<0.001). In 
addition to FM, total LM was significantly positively associated with VAT (r=0.314, p=0.003) 
and total minutes of vigorous physical activity (r=0.283, p=0.010). In terms of cardiometabolic 
health, TC was positively associated with total minutes of moderate physical activity measured 
via IPAQ survey (r=0.236, p=0.049).  There were no other significantly correlated 
cardiometabolic factors with physical activity (p>0.05). 
Regression analyses were conducted to examine the relationship between body 
composition variables (FM, LM, VAT) and various potential predictors. These 9 selected 
predictors (Table 6) explained 28.1% of the variance in the data (R2=0.28, F(9, 61)=2.65, 
p=0.012) in regard to FM. It was found that minutes of vigorous activity significantly predicted 




p=0.039). For LM, these same predictors significantly explained 25.2% of the variance in the 
data (R2=0.25, F(9,61)=2.284, p=0.028). Again, minutes of vigorous activity per week 
significantly predicted LM (β=0.416, p=0.001). In addition, rMEQ score significantly predicted 
LM (β=0.669, p=0.031). In terms of VAT, the 9 predictors did not significantly predict this 




While an extensive body of evidence exists suggesting weight gain commonly occurs in 
college, especially during the freshman year, very few studies have assessed changes in body 
composition, and even fewer have examined changes in cardiometabolic health in combination. 
The majority of studies published on this matter have almost exclusively focused on changes in 
body mass observed in college students and have neglected to consider changes in body 
composition measures such as FM, LM or %BF, information which could prove to be more 
insightful7, 16, 18, 21, 35. The current study was the first to longitudinally track changes in body 
composition and cardiometabolic health in undergraduate students of all four classes across one 
academic year. In our sample, females gained significant amounts of weight (0.9 ± 2.4 kg), 
increased BMI (0.4 ± 0.9 kg/m2), and LM (0.7 ± 1.4 kg). However, males did not see significant 
changes in weight nor body composition. Opposing results were observed between sophomores 
and juniors in a few body composition variables. Sophomores saw the largest weight gain, which 
consisted of mostly FM (1.8 of 2.3 kg). Juniors, on the other hand, saw no weight change, while 
FM moved in a negative direction (-1.0 ± 2.2 kg) and LM in a positive direction (0.9 ± 1.5 kg).   
In general, existing literature suggests freshmen experience the most weight gain compared to 




2,8,18,21,104,107. However, many of the results vary between studies, and the majority of studies only 
include freshmen. We believe our results differ from existing literature, and not many significant 
findings were discovered due to the healthy nature of our sample. Not only were all of the 
students normal-weight, but many were recruited from the Exercise and Sport Science 
Department, which leads us to believe our sample is more health-conscious than more general 
samples used in other studies in this area.  
 
Body Mass and BMI 
 
With respect to body mass, changes were modest and widely variable, ranging from -4.27 
to 13.1 kg (-9.4 to 28.8 lbs). Across the literature, similar changes in weight gain have reported 
across one academic year (-5.0 to 20 lbs)104, whereas another showed a larger range of weight 
change (-25.8 to 46.8 lbs)5. In the present study, average weight gain across all years was 0.9 ± 
2.9 kg (2.0 ± 6.4 lbs), with both females and males gaining 0.9 kg (2.0 lbs) on average.  Weight 
gain observed in our sample is slightly smaller in magnitude compared to existing literature 
which reports an average 3-4 lbs increase over a college year18, 21, 104, 107. Specific to freshmen, 
there was an average 1.1 kg gained in the current sample; Mihalopolous et al. 104 observed a 
similar 1.2 kg (2.7 lbs) weight gain in a sample of 125 college freshmen. In contrast, there was a 
significantly greater increase in weight (1.7 kg) for male freshmen compared to a 0.8 kg gain in 
female freshmen after one academic year104. Across the literature, males have often been found 
to gain more weight than females after the freshman year of college16, 107.  
Freshmen in our sample gained 1.1 kg, far from the “freshman 15.” One male and one 
female freshman in our sample gained 15 lbs. Morrow et al. (2006) also only saw one student 




body mass in the male student in our sample showed was largely LM (10.8 lbs.); similar results 




The only significant finding when comparing body composition changes between classes 
was a 0.8 kg (1.8 lbs) increase in LM within the senior class of students over the course of the 
year. However, since this value falls within the SEM (1.97 kg) of the DEXA, it is likely this 
change is within the error of the DEXA technology108. Sophomore and junior findings were 
contrasting; sophomores saw the most weight gain of any class (2.3 kg), with the majority of that 
weight consisting of FM accumulation (1.8 kg). This resulted in a 1.7% increase in BF%. Juniors 
saw no change in weight (0.0 ± 2.0 kg) or BMI (0.0 ± 0.7 kg/m2), with a decrease in FM and 
increase in LM. BF% decreased by 1.7% in this group. Hull et al.8 saw a similar discrepancy 
between freshmen and sophomores in their study conducted in 2007, with sophomores 
improving in body composition and freshmen seeing negative changes. In their sample, %BF and 
FM increased during the freshman year (0.7% %BF and 0.8 kg FM) while they decreased during 
the sophomore year (-1.0 %BF and -0.6 kg FM). Hull and colleagues ultimately attributed this 
discrepancy to where students lived in relation to campus (on vs. off-campus living)8. Students 
who lived off-campus saw more favorable outcomes when compared to their on-campus 
counterparts. 
Gropper et al. 5 tracked weight and body composition of students for the first 3 years of 
college and saw significant gains in weight, FM, and %BF during the freshman and junior years, 
while the sophomore year saw no changes or significant improvements in body composition. The 




compared to juniors, with freshmen gaining 1.2 ± 3.1 kg, 1.6 ± 2.5 %BF, 1.4 ± 2.3 kg of FM, and 
losing -0.2 ± 2.1 kg of FFM, and juniors gaining 0.6 ± 3.8 kg, 0.8 ± 2.9 %BF, 0.7 ± 3.0 kg FM, 
and losing -0.2 ± 2.0 kg of FFM. When comparing sophomore year vs. freshman year, Hull et 
al.8 saw opposing findings between the two classes, with sophomores changing body 
composition positively and freshmen changing negatively. They also noted students living off 
campus saw a decrease in %BF (33.0 vs. 31.0%) and FM (19.4 vs. 18.2 kg) and increased FFM 
(36.1 vs 37.2 kg) with no difference in students living on campus8. Subjects in a Hajhosseini et 
al. 107 study of 27 college freshmen saw a 1.4 kg increase in weight with significant increase in 
FM and decrease in FFM. Morrow et al. 6 studied 137 freshmen and saw significant increases in 
weight (58.6 vs 59.6 kg), BMI (21.9 vs. 22.3 kg/m2), FM (16.9 vs. 17.7 kg), FFM (38.1 vs 38.4 
kg), %BF (28.9 vs. 29.7 %), waist circumference (69.4 vs. 70.3 cm) and hip circumference (97.4 
vs. 98.6 cm) from early Fall semester to late Spring semester. While males and females both 
gained 0.9 kg over the course of one academic year in this study, only females saw significant 
changes in body composition. Females reported significant increases in weight (0.9 ± 2.4 kg), 
BMI (0.4 ± 0.9 kg/m2), and LM (0.7 ± 1.4 kg). Interestingly, a majority of the weight gained by 
females consisted of lean mass (0.7 of 0.9 kg), signifying an overall improvement in body 
composition in this group. This result is similar to the results of Hull et al.8, where female 
sophomores gained significant weight (0.2 kg), but also lost significant amounts of %BF (-1.0%) 




This study was the first to assess changes in cardiometabolic health over the course of an 




changes between each of the three classes in which were analyzed (freshman, sophomore, and 
junior). Freshmen experienced a small decrease in TC, with the majority of that decrease 
consisting of HDL. Sophomores experienced a net increase in TC, particularly with a lower 
HDL:nHDL ratio, a predictor used by physicians to estimate one’s risk of cardiovascular disease. 
Juniors saw a decrease in TC, with HDL and nHDL decreasing. The only significant finding was 
a decrease in fasting glucose seen in males (-7.5 mg/dL). However, due to the small sample size 
of male Fall 2018 returners (n=4), strong conclusions cannot be drawn from this result. The lack 
of significant findings in this area of the study could be due to the slow rate of change in blood 
lipids over time, or possibly due to the young, healthy nature of this cohort, and even the small 
sample size.  
 Due to unhealthy dietary choices and eating behaviors observed in college students, we 
believe significant detrimental changes in cardiometabolic health could likely occur as a result, 
but may take more than one calendar year to do so. College students have been shown to gain 
weight up to 11 times faster than age-matched non-college students, and this has been linked 
with “all you can eat” style college meal plans106. Rapid and substantial increases in body weight 
combined with poor dietary choices can lead to dyslipidemia and cardiovascular disease risk in 
this young population. The most prevalent cardiovascular risk factors seen in one sample of 
college students were elevated triglycerides (12% of sample) and low HDL (14% of sample).  
Another study observed elevated triglycerides in 18% of their sample and 20% of students had 
low HDL levels106. Our sample may not have seen results similar to this previous literature since 
participants of this study all exhibited normal BMI values and were generally healthy. 
Examining four-year results from these subjects may be necessary in order to detect significant 







Total LM and vigorous activity were significantly positively correlated (r=0.283, 
p=0.01); total FM and vigorous activity had the opposite relationship (r=-0.429, p<0.001). 
Additionally, vigorous physical activity was found to be a significant predictor for both FM and 
LM. These findings support the recommendation for college students to engage in physical 
activity, especially high-intensity exercise. College campuses offer many opportunities for 
students to engage in this activity through recreational facilities, group fitness classes, intramural 




The results of this study provide valuable information detailing changes in body 
composition and cardiometabolic health that occur across each of the four academic years of 
college. However, this study only included normal-weight students, and this can be considered a 
limitation. Future studies should include students who are classified as underweight and 
overweight/obese in order to encompass a more generalizable sample. All students involved in 
this study attended a large public university in the Southeast. Based upon this, results may differ 
from students attending private or more rural universities. Self-selection bias is likely in this 
sample since students interested in learning about changes in their body composition and 
cardiometabolic health may have been more likely to participate than students who were not. 
Due to this potential bias, our sample may not be entirely representative of the undergraduate 







While no class gained a statistically significant amount of weight, it is speculative, yet 
entirely likely to propose the possibility that cumulative weight gain in small increments, such as 
those seen in this study, could lead to significant weight gain after four years of college. For 
example, the additive mean weight gained by the four classes in our sample was 4.4 kg (1.1 kg + 
2.3 kg + 0.0 + 1.0 kg), which could have clinical implications, especially if students’ dietary and 
physical activity habits remain the same after college. Racette et al.7 measured weight and BMI 
of male and female students (n=204) at the beginning of freshman year, and four years later, at 
the end of those students’ senior year. This group saw a significant 2.5 kg increase in body 
weight and a 0.7 kg/m2 increase in BMI over the course of four years. This study did not measure 
weight at any point between the beginning and end of college, but by using existing literature on 
rapid weight gain seen in freshmen, they concluded weight gain occurs quickly initially and the 
rate seen during the freshman year does not persist through the rest of college. Future studies 
should longitudinally track students across a four-year collegiate career to expose trends in 
weight gain/loss and changes in body composition and cardiometabolic profile.  
Future studies should also consider implementing both beginning and end of semester 
visits to establish magnitude of weight change and change in body composition per semester. 
Including a visit at the end of the Fall semester and at the beginning of the Spring semester 
would also allow the opportunity to investigate weight and body composition changes over the 
holiday season (mid-December to mid-January) and the summer months, which would add to the 
few studies which have investigated weight changes during these time periods105. Additionally, 
in order to address self-selection bias, future studies should consider not disclosing DEXA 




CHAPTER V: CONCLUSION 
 
The results of this study indicate that weight and body composition do not significantly 
change across one college year, with the exception of a significant increase in LM seen in 
seniors. No class lost weight on average, which suggests further changes can be made to improve 
the body composition trajectory of these students across their careers. Only females gained 
significant body mass, LM, and BMI, with LM making up the majority of weight gain. Vigorous 
physical activity seemed to play an important role in optimizing body composition in this 
sample. This result reinforces the value of vigorous exercise on body composition outcomes. No 
class saw significant changes in their cardiometabolic profile, which could be due to the 
relatively short-term timeframe of roughly nine months. Freshmen involved in this study were 
far from undergoing the phenomenon commonly known as the “freshman 15,” with only two 
students gaining 15 lbs. From this result, establishing healthy diet, exercise, and lifestyle habits 
should be implemented as early-on in a student’s academic career as possible, but it is equally 
important to maintain these healthy behaviors throughout all four years of school, since weight 







Table 1. Descriptive statistics for the total sample and males vs. females. Data presented as mean 
± standard deviation. 
 
 Total Sample (n=143) Male (n=54) Female (n=89) 
Age (years) 20.3 ± 1.5 20.2 ± 1.5 20.4 ± 1.6 
Weight (kg) 63.7 ± 9.5 71.0 ± 9.1 59.2 ± 6.5 
Height (cm) 169.7 ± 9.8 178.4 ± 8.3 164.4 ± 6.3 




Table 2. Change in weight, BMI, and body composition from Fall 2017-Spring 2018 for all 
subjects and each class (freshman, sophomore, junior, senior). (*) indicates a significant change 









































Weight (kg)  0.9 ± 2.9 1.1 ± 3.6 2.3 ± 1.9 0.0 ± 2.0 1.0 ± 1.9 
BMI 
(kg/m2) 
0.3 ± 1.0 0.4 ± 1.3 0.8 ± 0.6 0.0 ± 0.7 0.4 ± 0.7 
Fat Mass 
(kg) 
0.2 ± 2.2 0.4 ± 2.3 1.8 ± 1.3 -1.0 ± 2.2 0.3 ± 1.9 
Lean Mass 
(kg) 
0.7 ± 1.5 0.5 ± 1.8 0.5 ± 0.5 0.9 ± 1.5 0.8 ± 1.1* 
Body Fat 
(percentage) 




Table 3: Mean change in weight, BMI, and body composition from Fall 2017-Spring 2018; male 
vs. female changes. * denotes a statistically significant change (p<0.05).  
 
 
 Male (n=15) Female (n=44) 
Weight (kg) 0.9 ± 4.0 0.9 ± 2.4* 
BMI (kg/m2) 0.3 ± 1.2 0.4 ± 0.9* 
Fat Mass (kg) 0.4 ± 2.5 0.2 ± 2.1 
Lean Mass (kg) 0.6 ± 1.7 0.7 ± 1.4* 
Body Fat 
(percentage) 


































Table 4: Mean change in Total cholesterol, HDL, nHDL, and glucose from Fall 2017-Fall 2018; 
male vs female changes. * denotes a statistically significant change (p<0.05). 
 
 Male (n=4) Female (n=27) 
Total Cholesterol 
(mg/dL) 
-16.0 ± 13.1 -4.4 ± 22.3 
HDL (mg/dL) -2.5 ± 2.6 -4.6 ± 13.4 
nHDL (mg/dL) -13.5 ± 14.1 0.0 ± 19.5 





































Table. 5: Mean change in total cholesterol, HDL, nHDL, and glucose from Fall 2017-Fall 2018 
for all subjects with data at both time points (freshman, sophomore, junior). 
 










-6.0 ± 21.5 -4.8 ± 20.5 4.3 ± 36.1 -11.7 ± 19.5 
HDL (mg/dL) -4.3 ± 12.5 -4.4 ± 5.8 -1.7 ± 40.1 -4.9 ± 9.4 
nHDL (mg/dL) -1.8 ± 19.2 -0.6 ± 20.8 5.7 ± 16.0 -6.7 ± 17.5 






































Table 6. Standardized Beta-Coefficients and p-values of regression analyses conducted 






















             FM       LM          VAT 
 β p-value β p-value β p-value 
Vigorous 
Minutes 
-0.43 .001 0.42 .001 -0.08 .576 
Moderate 
Minutes 
-0.79 .480 0.08 .496 0.08 .550 
Sitting 
Minutes 
-0.19 .865 -0.01 .924 -0.10 .441 
PSS 0.16 .228 0.03 .825 0.04 .773 








-0.01 .961 -0.20 .128 -0.11 .461 
rMEQ -0.13 .283 0.26 .031 0.01 .973 




















































(Fr=43; Soph=9; Jr=21; 
Sr=21) 
N=59 
Fr=28; Soph=4; Jr=11; 
Sr=16 
N=85 









N=35 did not 







FA17 returners  
Figure 1. Consort diagram detailing enrollment and retention of the sample at each data 
collection point and recruitment/dropout statistics.  Freshman = Fr, Sophomore = Soph, Junior = 


























Figure 3: Distribution in the changes in body weight over the course of the 2017 to 2018 























Figure 4: Distribution in the changes in body weight over the course of the 2017 to 2018 
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